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Brief Explanation of Figures 

Figure 1 (a) is a diagram explaining the principle behind one conventional method used to obtain 
a ternary group material Figure 1 (b) is a line drawing showing the concentration distribution of the 
ternary group material obtained here. Figure 2 (a) is a diagram explaining the principle behind one 
conventional method used to obtain a binary group material. Figure 2 (b) is a line drawing of the 
concentration distribution of the material obtained here. Figure 3 (a) is a diagram explaining the 
principle behind a conventional method used to obtain a binary group material. Figure 3 (b) is a line 
drawing showing the concentration distribution of the material obtained here. Figure 4 (a) is a diagram 
explaining the principle behind a conventional method used to obtain a ternary group material. Figure 4 
(b) is a line drawing of the film thickness distribution of the deposited film obtained here. Next, Figure 5 
(a) is a diagram explaining the principle when a single group material is obtained by the method of the 
present invention. Figure 5 (b) is a line drawing showing the film thickness distribution of the deposited 
film obtained here. Figure 6 is a diagram explaining the principle behind the principle when a mask 
having a wedge-shaped opening part is used. Figure 7 (a), (b), (c), Figure 8 (a),(b) and Figure 9 (a),(b) 
are all diagrams showing another example of the mask opening part shape in all of these. Figure 10 and 
Figure 1 1 are respectively diagrams showing another example of the shape of the deposition substrate. 
Figure 12 and Figure 13 are diagrams explaining the principle behind a combination of a plurality of 
vaporizing sources and a plurality of opening parts. Furthermore, Figure 14 (a) and Figure 15 (a) are 
both diagrams explaining the principle behind obtaining a binary group material using the method in the 
present invention. Figure 14 (b) and Figure 15 (b) are both line drawings showing the concentration 
distribution of the deposited film obtained using each of the methods above. Figure 16, Figure 17, 
Figure 18 and Figure 19 are all explanatory diagrams of another layout configuration when a binary 
group material is obtained using the present invention. Further, Figure 20 (a) is a diagram explaining 
the principle used to obtain a ternary group material using the method in the present invention. Figure 
20 (b) is a line drawing showing the concentration distribution of the deposited film obtained here. 
Figure 21 is likewise an explanatory diagram of another layout configuration when obtaining a ternary 
group material. Figure 22 is a diagram showing another example of the shape of the mask opening part. 
Figure 23 is a diagram showing yet another layout configuration when obtaining a ternary group 
material. Figure 24 is an explanatory diagram of the layout relation of the opening part and the 
vaporizing source relative to the substrate when obtaining a ternary group material. Further, Figure 25 
(a) is a line drawing showing the concentration distribution of the Pn-In group deposited film obtained in 
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Practical Embodiment 1 of the present invention. Figure 25 (b) is a line drawing showing the 
distribution of the lattice constant thereof Figure 25 (c) is a line drawing showing the changes in the 
superconductive critical temperature thereof Figure 26 is a line drawing showing the concentration 
distribution and the distribution of the superconductive critical temperature of the Pb-In-Sn group 
deposited film obtained in Practical Embodiment 2 of the present invention. 

Detailed Description of Invention 

The present invention relates to a method for manufacturing a single- or compound group 
material using the vacuum vapor deposition method; it relates particularly to a method used to obtain a 
material such that the film thickness of the material in each of the individual constituents or the 
composition ratio changes in a linear fashion in accordance with the position on the vapor deposition 
substrate as a single vapor deposited film. 

For example, when a new alloy material is being developed in the field of metallurgy, the 
composition ratio of the material of each of the constituents is changed over a wide range and tests must 
be carried out to see at what range of the composition ratio the optimum characteristics can be obtained. 
Incidentally, separate samples are manufactured such that the composition ratio of the material of each 
of the constituents is different. This requires far too much time and effort in operations used to make the 
samples and this is one of the reasons it is difficult to develop new materials. 

Recently, a method has been proposed for obtaining a deposited film such that the composition 
ratio of each of the constituent materials changes over a wide range in keeping with the deposition 
position by changing the amount of each constituent material deposited in keeping with the position on 
the substrate when depositing a plurality of constituent elements simultaneously on a single substrate 
such that a material consisting of a plurality of constituents is deposited using the vacuum vapor 
deposition method and then using this as a sample. 

One of these methods can be seen in the report written by Kennedy et al. (United States) (Journal 
of Applied Physics, Vol. 36, No. 12, 1965, p. 3808). As shown in Figure 1 (a), three types of vapor 
deposition sources A, B and C are placed respectively directly beneath vertices a, b and c on triangular 
vapor deposition substrate P; it makes use of the fact that the distance and the angle of incline from each 
of the vapor deposition sources changes in accordance with the position on substrate P; and is used to 
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obtain a deposited film such that the composition ratio (hereinafter simply "concentration") of the 
materials of each of the constituents changes (that is, there is a distribution of the concentration) 
depending on the location. However, the concentration distribution of the materials in each of the 
constituents obtained using this method is characteristic in that the linearity of the distribution 
deteriorates conspicuously compared to the ternary group phase diagram normally used, an example of 
which is shown in Figure 1 (b). This means that the position on the substrate and the concentration of the 
material in each of the constituents are not linearly proportionate so that the method is disadvantageous 
in that it is difficult to coordinate the position of the deposited film obtained with the composition of the 
materials. 

A second method can be seen in Publication of Examined Patent Application S43-27926. In this 
method, a plurality of types of band-like vaporizing sources are arrayed so that they radiate virtually in 
parallel, the deposition substrate is placed so that it is virtually perpendicular to the vaporizing sources; a 
shielding plate having an edge effect is placed on the end surface so that a semi-shading is delineated 
between the above-mentioned vaporizing sources and the substrate; the semi-shadings of each of the 
vaporizing sources are placed so that overlap facing one another on the substrate, each of the vaporizing 
sources are used for vaporizing simultaneously so that a deposited film consisting of compound group 
materials having a constituent concentration which changes linearly in the lengthwise direction of each 
of the vaporizing sources is obtained on the substrate. 

For example, when a binary group is used, linear vaporizing sources A and B are arrayed on the 
left and right of a straight line, as shown in Figure 2 (a), shielding plates Qa, Qb having linear end 
surfaces a and b extending perpendicular (perpendicular to the level space) to A and B are placed 
between this and substrate P; a semi-shading of vaporizing source A by end surface a and a semi- 
shading of vaporizing source B by end surface b overlap on the substrate so that they are opposite one 
another, the separate materials are deposited simultaneously from vaporizing sources A,B and are 
deposited on substrate P. Nevertheless, when this takes place, a deposited film consisting of a binary 
group material having a linear concentration distribution is obtained on substrate P, as shown in Figure 2 

(b). 

Furthermore, as shown in Figure 3 (a), a deposited film consisting of a binary group material 
having the linear distribution shown in Figure 3 (b) is obtained by ensuring that the semi-shadings of 
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vaporizing sources A,B overlap on substrate P using shielding plate Q having end surfaces a f ,b' which 
are perpendicular to the vaporizing sources on the left and right end surfaces even when the outer 
periphery of the shielding plate Q is used as a passage for the substance deposited. 

Furthermore, as shown in Figure 4 (a), when a ternary group material is used, three types of 
vaporizing sources A, B, C centered on a single point u on the deposited surface R are arranged in a 
radiating pattern so that they are displaced from one another at 120°; a shielding plate Q having the 
shape of an equilateral triangle is placed on top of this, a deposition substrate P having the shape of an 
equilateral triangle is placed so that it faces shielding plate Q on top of this; the semi-shadings of 
vaporizing sources A, B, C which are delineated respectively using the three sides b'c', c f a\ aV of 
shielding plate Q overlap one another on substrate P. Therefore, at this time, a deposited film having the 
three-dimensional phase diagram type concentration distribution shown in Figure 4 (b) is obtained on 
substrate P. 

Thus, in the method disclosed in Publication of Examined Patent Application S43-27926, a 
deposited film consisting of compound group materials having a linear concentration slope in the 
lengthwise direction of each of the vaporizing sources can be obtained as long as the distance between 
the vaporizing source and the substrate is sufficiently larger than the dimensions of the substrate. 
Nevertheless, in this method, a concentration slope is provided in the lengthwise direction of each of the 
vaporizing sources using the semi-shading of the vaporizing source formed on the substrate by the end 
surface of the shielding plate. As a result, the length of each of the vaporizing sources and the position 
of both ends of these must be determined precisely in order to obtain a deposited film having the desired 
dimensions and concentration distribution and the crux of the matter here is the manufacturing precision 
of the vaporizing source. 

Taking note of these points, it is an object of the present invention to provide a novel and unique 
method which makes it possible to obtain a deposited film consisting of a single group or compound 
group material such that the thickness of the deposited film or the concentration of the constituents 
changes linearly perpendicular to each of the above-mentioned deposition sources using - 1 units or a 
plurality of linear vaporizing sources of any length without using the semi-shading effect indicated 
above. 

This means that the present invention is characteristic in that a mask provided with one or a 
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plurality of triangular (or wedge-shaped) opening parts the opening width of which when measured in a 
direction parallel to each of the corresponding vaporizing sources changes linearly between one or a 
plurality of linear vaporizing sources and a single deposition substrate; the substance to be deposited is 
deposited on the above-mentioned substrate passing through each of the corresponding opening parts 
from each of the above-mentioned vaporizing sources so that a deposited film consisting of a single 
group or compound group material is formed such that the thickness of the deposited film or the 
concentration of the constituents changes linearly perpendicular to each of the above-mentioned 
vaporizing sources on the above-mentioned substrate. 

Therefore the basic principle at work in the present invention lies in the fact that when we 
observe each of the vaporizing sources through each of the corresponding triangular (or wedge-shaped) 
opening parts from the top of the substrate, using the fact that as we shift our angle of vision on the top 
of the substrate to a direction which is at a right angle to each of the above-mentioned vaporizing 
sources, the length of the depositing source which can be seen from that changes linearly and a 
deposited film can be obtained such that the amount of deposition (film thickness or film concentration) 
of the materials from each of the vaporizing sources changes linearly. 

Next, we shall explain a mode of working the present invention referring to the figures. 

First, we shall explain how to obtain a deposited film consisting of a single group material 
having a film thickness which changes linearly using the method in the present invention. 

Figure 5 (a) shows the layout configuration which embodies the principle of the deposition 
device used to obtain the deposited film made of the single group material using the present invention. 
In the same figure, A shows the vaporizing source; Q shows the mask; and P shows the substrate for 
deposition. Substrate P and mask Q are placed respectively at intervals hi and h2 parallel to plane 
surface R (hereinafter "deposited surface") comprising vaporizing source A and these are accommodated 
inside the same vacuum chamber (not shown in the figure). Vaporizing source A is linear and has a 
narrow width extending at a right angle to straight line 1; and the amount deposited is the same 
regardless of the location. Then a triangular opening part Ma having a bottom side b'c' (length I2) which 
is parallel to vertex a' and vaporizing source A is placed on mask Q. As a result, the width of the 
opening part measured in a direction parallel to vaporizing source A changes linearly from 0 to b 
perpendicular (direction of straight line m) to vaporizing source A. Furthermore, the length of opening 
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part Ma is measured perpendicular to vaporizing source A is b2. 

In addition, the length in the direction (direction of straight line n) perpendicular to the 
vaporizing source A is di and the width parallel to this is li and the relation d2/di = h 2 /hi results. Then, 
vaporizing source A and bottom side bV of opening part Ma and right end pi of substrate P are on the 
same plane surface. Furthermore, vertex a of vaporizing source A and opening part Ma and left end ps of 
substrate P are on the same plane surface. Moreover, the distance hi between substrate P and vaporizing 
source A is large enough (several times or more) for dimensions di,li of substrate P. 

When the desired material is deposited from vaporizing source A in this state, a deposited film is 
obtained on substrate P such that the film thickness changes in the direction perpendicular to vaporizing 
source A such that there is no change in the film thickness in a direction which is parallel to vaporizing 
source A, as shown in Figure 5 (b). Therefore, when three vantage points pi, p 2 , P3 in the direction 
perpendicular to vaporizing source A on substrate P are considered, the effective width of the opening 
part when vaporizing source A is seen from point pi is h; when seen from intermediate point p 2 , it is I2/2; 
and when seen from point p3, it is 0. As a result, the part of the length which is L = hi /(hi - h 2 ) x I2 of 
vaporizing source A is seen from point pi; and no part of vaporizing source A can be seen from point 
P3. Thus, the film thickness at any point on substrate P is proportionate to the length of vaporizing 
source A which can be seen through opening part Ma from that point so that when the film thickness at 
point pi is 100, the film thickness at point P2 is 50 and the film thickness at point p3 is 0. Thus, the 
thickness of the deposited film changes linearly in the direction perpendicular to vaporizing source A. 

Next, considering a straight line parallel to vaporizing source A passing through point pi on 
substrate P, the effective width of the opening is always b even when vaporizing source A is viewed 
from any point on the straight line. As a result, the length of the vaporizing source which can be seen 
from this line is always L and only the center line thereof moves in the lengthwise direction of the 
vaporizing source corresponding to the position of the visual point on the substrate. Furthermore, when 
the straight line parallel to vaporizing source A is considered through point p2, the effective width of the 
opening is always I2/2 even when the visual point is moved to any point on this straight line and the 
length of the vaporizing source that can be seen from above this line is always L/2.. Likewise, it is 
completely impossible to view the vaporizing source from any point on a straight line which is parallel 
to vaporizing source A through point P3. As a result, there is no change whatsoever in the thickness of 
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the deposited film in the direction parallel to vaporizing source A. 

As is obvious from the above-mentioned explanation, the present invention can be used to obtain 
a deposited film which has linear changes in the thickness of the film in the direction perpendicular to 
the vaporizing source on the substrate and which does not have linear changes in the thickness of the 
film in a direction parallel to the vaporizing source using a single linear vaporizing source and a single 
triangular opening part. Thus, in the method in the present invention, changes in the film thickness of 
the film deposited are not made using a semi-shading parts as was the case in the conventional technique 
so that there were options as to the length of the vaporizing source so that there was a large degree of 
freedom in producing it. This means as long as the length of the vaporizing source is made larger than 
value I3 = hik + h 2 li / hi-h 2 to which was added field of vision center displacement dL = h 2 /(hi -h 2 ) x U 
corresponding to width li of substrate P on length L = hi/(hi -h 2 ) x 1 2 which can be viewed at point pi 
indicated above, any length is suitable. 

Furthermore, the distance hi of the substrate should be selected so that it is several times or more 
than substrate dimensions di, li in order to make the displacement from the linearity of the distribution 
of the thickness of the substrate—occurring when the distance up to the vaporizing substrate and the 
angle of incline are different due to the position on the substrate—small enough so that it can be ignored. 

As an example of this, in the layout confirmation in Figure 5 (a), when hi = 30 cm, h 2 = 10 cm, 
di = 9 cm, li = 2 cm and 1 2 = 2cm in the configuration of the placement shown in Figure 5 (a), we get d 2 
= 3 cm, L = 3 cm and I3 = 4cm. Based on this type of setting, an indium thin film having the linear film 
thickness distribution shown in Figure 5 (b) can be obtained as desired by actually depositing the indium 
on substrate P using a board-shaped heater measuring 5 cm long and 3 mm wide as vaporizing source A. 
In general, a film thickness distribution with good reproducibility can be obtained using a high vacuum 
exhaust group, increasing the deposition efficiency of the substance to be deposited by heating or 
cooling the substrate and reducing the movement on the surface. 

Furthermore, in the above-mentioned explanation, we presented an example in which a triangular 
form was used for the opening part of the mask. However, a wedge-shaped one having a bottom side b'c' 
may be used as the opening part Ma, as shown in Figure 6. What is important here is that it have a part 
Ma such that the opening width changes linearly when measured in a direction parallel to vaporizing 
source A over the range indicated by d 2 = h 2 /hi x di in a direction perpendicular to vaporizing source A 
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from vertex a' in the center of this wedge-shaped opening. This means that considering the length of 
vaporizing source A from a position removed from substrate P having prescribed dimensions is 
unrelated to the film thickness distribution on substrate P. As a result, as long as length d2 is secured, an 
opening part which exceeds this is optional. Based on this, it can be seen that even if there is an opening 
part which exceeds d2, that part may have any shape. Figure 7 (a) shows an example of extending the 
opening part Ma having prescribed dimensions to the right at the vertex as is. Figure 7 (b) shows an 
example of opening part Ma having prescribed dimensions wherein half of the opening part is lozenge 
shaped. Figure 7 (c) shows an example of extending the right end of opening part Ma having prescribed 
dimensions so that it is rectangular. 

Furthermore, opening part Ma by no means need extend along straight line m which is drawn so 
that it is perpendicular to vaporizing source A passing through vertex a. As shown in Figure 8 (a) and 
Figure 8 (b) it may extend in a direction at an incline to straight line m. However, it should be noted that 
here, substrate P should either be inclined in the same direction or the length of the vaporizing source 
should be sufficiently large. 

Moreover, in an extreme case, opening part Ma should be bent so that it is discontinuous in the 
middle, as shown in Figure 9 (a) and it may curve to form a curved line, as shown in Figure 9 (b). What 
is important is that the width of the opening extending along length d2 change so that it is sufficiently 
linear. 

Thus, when the length of vaporizing source A is sufficiently long, the shape of the opening part 
can be selected with a considerable degree of freedom. In the explanation provided below, we will 
mainly describe use of a triangular opening part. However, needless to say, the present invention 
comprises the above-mentioned variant. 

We also provided an example using a rectangle for substrate P in the above-mentioned 
explanation. However, there is a considerable degree of freedom in selecting the shape of this substrate 
P in accordance with the shape of the opening part. Figure 10 shows an example using a triangular 
substrate. Figure 1 1 shows an example in which the direction of substrate P is inclined from n to n' as 
the center line of opening part Ma is inclined from m to m' also using a triangular substrate. 

Moreover, in the above-mentioned explanation, we used an example in which we used a single 
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vaporizing source and a single opening part. However, a plurality of vaporizing sources used to vaporize 
the same material and a plurality of opening parts corresponding to these may also be used. Figure 12 
and Figure 13 show examples of deposition on a single substrate P using a mask having two vaporizing 
sources A,A' and two opening parts Ma, Ma'. As a result, the former is an example of placing vaporizing 
sources A,A' in parallel and the latter is an example of placing them on a single straight line. 

Next, we shall describe the method of obtaining a deposited film consisting of a binary group 
material such that the concentration of the constituents changes linearly by applying the above- 
mentioned principle. 

Figure 14 (a) shows the layout configuration which is the principle of the deposition device is 
when used to obtain a deposited film of the binary group materials using the method in the present 
invention. In the same figure A, B are vaporizing sources used to vaporize different types of materials; 
Ma, Mb are opening parts corresponding respectively to vaporizing sources A,B; and P is a vaporizing 
substrate. Thus, opening parts Ma and Mb are placed so that they are opposite one another (back to 
back) centered on straight line m. Here, when the distance between vaporizing sources A, B is ri and the 
interval between opening parts Ma, Mb is r2, we set the dimensions of each of the parts so that the 
relation (hi - h 2 )/hi = (d 2 + r 2 )/ri is satisfied, exclusive of the conditions di/d 2 = h 2 /hi indicated above. 
In an example of this, if hi = 30 cm, h 2 = 10 cm, di = 9 cm, \\ =2 cm, 1 2 = 2 cm and n = 9 cm, we get d 2 
= 3 cm, 1 3 = 4 cm and r 2 = 3 cm. 

When two different materials are vaporized simultaneously from vaporizing sources A, B under 
these conditions, the two types of materials overlap on substrate P and are deposited and a deposited 
film having the concentration distribution shown in Figure 14 (b) is obtained. This means that the 
amount of material (constituent A) deposited from vaporizing source A changes linearly from 0 to 100 
from point pi towards point p2 The amount of material (constituent B) deposited from vaporizing 
source B also changes linearly from 0 to 100 and conversely from point pi towards point p 2 . Thus, 
when the entire amount of both of the above-mentioned constituents deposited is made equal in weight, 
the concentration distribution obtained changes linearly in weight percent. Furthermore, when the entire 
amount of both constituents deposited is made equal in atomic number or in number of molecules, the 
concentration distribution obtained changes linearly as a molecular percentage. This can be regulated 
freely by controlling the vaporizing speed of vaporizing sources A,B. 



10 



Thus, when the method in the present invention is used, a deposited film consisting of binary 
group materials can be obtained such that the concentration distribution changes linearly perpendicular 
to both deposition sources on a single substrate P by combining two types of vaporizing sources and a 
mask having two opening parts opposite this. 

Furthermore, as shown in Figure 15 (a), even when opening parts Ma, Mb are placed so that their 
vertices face one another, a deposited film consisting of a binary group material having a linear 
concentration distribution perpendicular to both vaporizing sources can be obtained, as shown in Figure 
15 (b). 

Furthermore, r 2 = 0 by bringing the vaporizing source close and opening parts Ma and Mb may 
be joined together and made into a single lozenge-shaped opening, as shown in Figure 16. The vertices 
of opening parts Ma and Mb may be made to coincide by changing the ratio of hi and h 2 , as shown in 
Figure 17. Moreover, it can be seen from Figure 17 that opening part Ma is equivalent to Ma' and that 
opening part Mb is equivalent to Mb'. Based on this, it can be seen that any combination of opening 
parts is possible such as: Ma and Mb; Ma and Mb'; Ma' and Mb; and Ma' and Mb'. 

In addition, vaporizing sources A,B may be placed in a straight line and opening parts Ma, Mb 
may be placed so that they face one another and set so that they are parallel to the vaporizing source, as 
shown in Figure 18. Moreover, opening parts Ma and Mb may be placed so that the back sides of these 
are facing, both of these may be extended inside so that they exceed a prescribed length d 2 and a single 
lozenge-shaped opening may be used for the entire body, as shown in Figure 19. 

Next, we shall describe how to obtain a deposited film consisting of a ternary group material 
whose constituent concentration changes linearly using the method in the present invention. 

Figure 20 (a) shows an example of forming a deposited film consisting of ternary group 
materials on a single substrate P using a combination of three types of vaporizing sources A, B, C and a 
mask Q having a single opening Mo. Here, vaporizing sources A, B, C are placed so that they make up 
a triangle having sides afiy. Opening Mo makes up a triangle a'b'c' which is similar to the above- 
mentioned triangle afiy. Furthermore, substrate P is shaped like a triangle abc which is similar to the 
above-mentioned triangle a'b'c'. Then the similarity ratio of triangle abc and triangle a'b'c' is hi/h 2 and 
the similarity ratio of triangle afiy and a'b'c' is hi/(hi - h 2 ). An example of this is as follows: when the 
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length of one side is hi = 30 cm li2 = 15 cm using a 10 cm substrate shaped like an equilateral triangle, 
opening Mo is shaped like an equilateral triangle one side of which is 5 cm long and the prescribed 
length of each of the deposition sources is 10 cm. 

When three types of materials are vaporized simultaneously from vaporizing sources A, B, C, 
under these conditions, the ternary group material having the concentration distribution shown in Figure 
20 (b) is deposited on substrate P. This means that triangular opening Mo functions as an opening Ma 
having bottom side b'c' and vertex a' and the concentration of constituent A on substrate P is changed 
linearly. Likewise, opening Mo functions as opening parts Mb, Mc having vertices b',c' respectively 
relative to vaporizing sources B,C and the concentration of constituent B, C on substrate P is changed 
linearly in both directions be and of. 

Furthermore, the deposition process need not involve vaporizing three types of materials 
simultaneously and needless to say vaporizing may be carried out sequentially or alternately. Moreover, 
it can be easily understood from the explanation given for the single group material that the shape of 
substrate P is not restricted to an equilateral triangle. This is advantageous when the concentration slope 
for the specific constituent materials is mild and when studying the difference in the properties of the 
materials brought on by slight changes in the concentration. 

Moreover, in the explanation given previously, 5 types of vaporizing sources A,B,C were 
selected which had the same length on each side of triangle afiy so that the sides of two types of 
vaporizing sources made contact with one another at the position of each vertex. This was inappropriate 
as it made it difficult to produce the vaporizing source. In order to avoid this, the operation shown in 
Figure 21 should be carried out. Therefore, Figure 21 shows moving vaporizing sources A,B,C~placed 
so that they make contact with the end part on the original triangle a/fy-to the middle part of each side of 
triangle a'fi'y'K. times (K>1) at the same original length; so that the opening which was originally Mo 
expands (K+l)/2. This means that by moving vaporizing sources A,B,C on top of triangle a f fi f y\ the 
prescribed dimensions of the opening part corresponding to each of the vaporizing sources are no 
different from the dimensions of the original opening part Mo. However, each of the vertices are shifted 
respectively to a", b", c" thereby becoming an overall expanded opening Mo'. For example, the part of 
triangle a"b m c m on opening Mo' (this has the same dimensions as Mo) becomes opening part Ma relative 
to vaporizing source A. When this is carried out, the three types of vaporizing sources no longer make 
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contact with one another inside the parameters of prescribed length L. As a result, the prescribed length 
of each vaporizing source can be secured sufficiently and it can be manufactured easily. 

In addition, when K = 3 in the example above, the dimensions of opening Mo' become twice the 
prescribed dimensions of opening Mo when K = 1 . As a result, when K>3, a mask having separate 
opening parts Ma, Mb, Mc can be used respectively for each of vaporizing sources A, B,C, as shown in 
Figure 22. 

Furthermore, as shown in Figure 23, vaporizing sources A,B,C arranged on the original triangle 
afiy may be moved on backward facing triangle a"P"y" on the original length so that three corresponding 
openings Ma, Ma, Mc may be placed respectively on each of vaporizing sources A, B,C instead of the 
original single opening Mo. In addition, even in this case, each of the vaporizing sources should be 
moved somewhat outside of each side of triangle a"P"y" so that the three deposition sources do not make 
contact with one another. At that time, openings Ma, Mb, Mc of the mask should be moved 
correspondingly outside. 

Based on these observations we can understand the following. Namely, as shown in Fig. 24, 
when a combination of three types of vaporizing source materials Ai,Bi,Ci and a single opening Mi 
deposit three types of materials on a single substrate P, (namely, refer to Fig. 20) when the opening is 
moved to M4, the vaporizing source moves to A434, C4 and when these are moved to M5, they move to 
A 5 ,B 5 ,C5. As a result, if Ai,Bi remain as is and only Ci is moved to C4, by using the combination of 
vaporizing sources Ai,Bi,C4, we get two combinations: Mi corresponding to openings Ai, Bi; and M 4 
corresponding to C4. If we move Ai to A 5 and make a combination of vaporizing sources A 5 B 4? C4 from 
this state, we get a combination of three openings M 5 ,Mi,M4. Then, this combination is equivalent using 
K= 3 in Figure 21. Likewise, when the vaporizing sources are made into a combination of A436, C5, the 
combination of openings becomes M 4 , M 6 , M 5 and this corresponds to what is shown in Figure 23. 

Thus, conversely, if the combination of openings is set first to Mi,M 2 , a combination of six 
openings -Ai, A2, Bi, B 2 , Ci, C2~may be used as the vaporizing source and three combinations of any 
one of these materials may be made. Likewise, when the combination of openings consists of three 
openings— Mi,M 2 ,M4~a combination of nine openings such as Ai,A 2 , A 4 , Bi, B 2 , B 4 , Ci, C 2 , C4 may be 
used as the vaporizing source. A combination of six of these consisting of two each of these materials or 
a combination of three of any one of these may be used. Thus, by increasing the number of openings the 
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methods of combining the vaporizing sources increase infinitely. 

Moreover, the above-mentioned explanation referred to a combination of the same number of 
vaporizing sources for three types of materials. However, when differences are made in the amount of 
each material deposited, a difference can be made in the number of vaporizing sources for each material. 
For example, in Figure 24, two opening parts, Mi and M2 are used; two each such as Ai,A2, Bi, B2 are 
used for constituents A,B as the vaporizing source; either Ci or C2 is used for constituent C; and the 
amount of vaporizing carried out by the vaporizing source for constituent C should be twice that of 
constituents A,B. 

Above, we explained how to make a single-group, binary- group and ternary- group material using 
the method in the present invention. However, it can readily be understood that the method in the 
present invention can further be applied to obtain a quaternary-, quinary- or greater group material. For 
example, when a quaternary group material is to be obtained, the fourth material can be stacked on a 
ternary group deposited film or deposition may be carried out simultaneously using a combination of 
four types of vaporizing sources and four wedge-shaped opening parts (or the position at each of the 
vertices of a square opening part may be used). Furthermore, the composition in the film thickness 
direction can be made uniform by heat treatment following deposition in a group which can be subjected 
to diffusion processing. 

Then, a wire rod of the desired material itself may be directly heated and vaporized as a linear 
vaporizing source in the present invention. The desired material may be coated onto the surface of a 
linear or an L-shaped heater and the material covered by plating and other methods, or a linear heater 
and the desired material may be twisted together. A narrow port-type heater may also be used. 
Furthermore, glass and other ceramic, a metal plate and a silicon and sodium chloride cleavage plane 
may be used as a deposition substrate. Glass and ceramic may also be used in addition to molybdenum 
and other metal plates. 

Next, we shall describe practical embodiments of the present invention. 

Practical Embodiment 1 

First we shall explain how to obtain a sample having a phase diagram type concentration 
distribution of a Pb-In binary group. 
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In the placement configuration shown in Figure 15 (a), hi = 30 cm, h2 = 10 cm, di = 9 cm, &2 = 3 
cm, li = 2 cm, h = 2 cm, v\ = 9 cm and r 2 = 3 cm and we used a molybdenum mask on mask Q using a 
slide glass on substrate P, using a band-shaped port-type heater which was 5 cm long and 3 mm wide as 



vaporizing sources A,B. We weighed out 99.999 % pure lead lumps and indium lumps so that the atomic 
weight ratio was 207: 115, inserted them respectively in ports A,B and discharged the air inside a bell jar 
such that it reached a vacuum of approximately 10" 6 mmHg. First, we cleaned the surface of the 
substrate by bombarding it in this state. Then we gradually passed a direct current or an alternating 
current to the heater resistance of ports A,B. We carried out preliminary heating on the lead lumps or 
indium lumps inside the port melted and spread evenly onto the board. Then, we closed opening parts 
Ma, Mb of the mask in advance, opened the shutter, maintained the heater current so that it was nearly 
uniform and carried out deposition. Next, we estimated that the materials on the port would almost 
completely be eliminated, cut the heater current and waited for the temperature of the substrate to return 
to room temperature. Then, we released the vacuum and removed substrate P. Further, we placed this in 
an electric furnace and carried out diffused heat processing for 2 hours at 150°C in a vacuum of 
approximately 1 x 10" 6 mmHg. 

We slit the deposited film obtained in this way at appropriate intervals in the lengthwise 
direction on the entire substrate. We measured respectively the film thickness distribution for each small 
fragment using a Sloan angstrometer; the alloy composition ratio (atom %) using an x-ray 
microanalyzer; the fixing of the crystalline structure using a device error x-ray analytical method; and 
superconductor critical temperature Tc using the four-terminal resistivity method. As a result, the 
concentration distribution of the deposited film exhibited extremely good linearity as shown in Figure 25 

(a) . Furthermore, the changes in lattice constant and axial ratio of the crystals are shown in Figure 25 

(b) . Changes in critical temperature Tc are shown in Figure 25 (c). Thus, the concentration distribution 
of each of the constituents in the deposited film obtained has a linear proportional relationship to the 
position in the lengthwise direction of the substrate (that is, the direction perpendicular to the vaporizing 
source). 

Practical Embodiment 2 

Next, we shall describe how to obtain a sample having the Pb-In-Sn ternary state phase type 
concentration distribution. 



15 



In the placement configuration shown in Figure 21 (a), bi = 30 cm and li2 = 15 cm. We used a 
glass plate that was shaped similar to an equilateral triangle with a 10 cm long side as substrate P and 
used a molybdenum plate having an opening Mo' shaped similar to an equilateral triangle with a 5.5 cm 
long side as a mask. We also used 1 1 cm long, 3 mm wide port-type heaters as vaporizing sources 
A,B,C and placed these in the center of each side 12 cm long of an equilateral triangle afiy. We weighed 
out 99.999 % pure In, Pb, Sn respectively so that the weight ratio was equal to the atomic weight ratio 
(1 15:207:1 19) and inserted them in ports A,B,C. From this point onward, we carried out deposition and 
heat treatment just as we did in the previous practical embodiment. 

The concentration distribution of the deposited film obtained as a result of this coincided 
extremely well with that in the regular ternary state phase as shown in Figure 26. Furthermore, the 
numbers in Figure 26 shows the results of measuring the superconductive critical temperature in each of 
the constituent ratios. 

As can be understood from the above-mentioned explanation, when the method in the present 
invention is used, a mask having one or a plurality of openings having an opening width which changes 
linearly and which is parallel in the lengthwise direction of the vaporizing sources with one or a plurality 
of linear vaporizing sources so that a single group or a compound group material characterized by linear 
changes in the direction perpendicular to each of the vaporizing sources on the substrate can be 
obtained; and which has a principle different to that of the conventional half-shading. As a result, any 
length is suitable for the vaporizing sources as long as it is at least the prescribed length so that it is easy 
to produce a vaporizing source. 

Furthermore, needless to say, the method in the present invention is used not only in simply 
producing alloy samples but it can be applied for any combination of all the materials which can be 
usually deposited. 

(57) Claim 

1 . A method of producing a single group or complex group material characterized as setting in place a 
mask having one or a plurality of triangular or wedge-shaped opening parts measured in the direction 
parallel to each corresponding vaporizing source between one or a plurality of linear vaporizing sources 
and a single deposition substrate, depositing the substance deposited from each of the above-mentioned 
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vaporizing sources on the above-mentioned substrate through each of the corresponding vaporizing 
sources mentioned above so that a deposited film can be obtained such that the deposited film thickness 
or constituent concentration changes in a linear fashion in the direction perpendicular to each of the 
above-mentioned vaporizing sources. 
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